One of the most controversial issues in the aftermath of the Asian financial crisis has been the appropriate response of monetary policy to a sharp decline in the value of some currencies. In this paper, we empirically examine the effects on Asian exchange rates of sharply higher interest rates during the Asian financial crisis. Taking account of the currency contagion effect, our results indicate that sharply higher interest rates helped to support the exchange rates of South Korea, the Philippines, and Thailand. For Malaysia, no significant causal relation is found from the rate of interest to exchange rates, as the authorities in Malaysia did not actively adopt a high interest rate policy to defend the currency.
Introduction
Many countries at the centre of the Asian financial crisis adopted a high interest rate policy in an attempt to defend their currencies. This action is consistent with the traditional view in which tight monetary policy is believed to be necessary for supporting a currency, as higher interest rates increase the return for investing in a country and hence reduce capital outflows, and discourage speculative attacks on the currency concerned.
However, many economists have argued a revisionist view. They believe that when balance of payment crises occur simultaneously with financial crises, as is the case of the Asian financial crisis, a tightening of monetary policy may be counter productive. This is because, they argue, sharply higher interest rates will adversely affect economic activity and financial market confidence. Consequently, such a policy response will lead to further currency depreciation such as Feldstein [6] .
Empirical testing of this issue has so far yielded mixed results. Most of the previous studies are not supportive of the use of sharply higher interest rates to defend the currency during financial crises. However, these studies also do not produce findings that support 2 Effectiveness of high interest rate policy the revisionist view. Many studies fail to identify any significant relationship between interest and exchange rates in the crisis-affected countries.
Recently, Dekle et al. [4] have provided results that empirically support the traditional view. For South Korea, Malaysia, and Thailand, their results indicate changes in interest rates "Granger cause" movements in their respective exchange rates during the Asian financial crisis. Dekle et al. adopt the approach introduced by Hsiao [10] in which a parsimonious vector autoregressive (VAR) specification is determined that allows the presence of zero and nonzero patterned coefficients. The presence of zero and nonzero patterned coefficients appears to have significantly contributed to their findings. Although Hsiao's approach allows the presence of zero and nonzero patterned coefficients in a VAR system, the model specification is determined by applying an order selection algorithm to each single equation separately, rather than to the system as a whole. As demonstrated by Penm and Terrell [15] , the so-determined specification can lead to misleading conclusions on the presence of Granger causality in the system. To overcome this shortfall, Penm and Terrell [15] provide a robust algorithm to select the optimal VAR specification with zero and nonzero patterned coefficients (if the underlying system has such a structure). Brailsford et al. [1] develop an adjustment to this algorithm, which ensures that the resultant variance-covariance matrix of the white noise disturbance process is symmetric for the determined VAR.
In this paper, we reexamine the existence of Granger causality from interest to exchange rates for four Asian countries that were at the centre of the Asian financial crisis, namely Thailand, Malaysia, the Philippines, and South Korea. We apply the algorithm developed by Brailsford et al. [1] to daily observations during the crisis period. An innovative approach that has been adopted in this study is that the relationship is examined allowing for the presence of contagion effects from movements in other crisis-affected Asian currencies. The presence of contagion effects during the Asian financial crisis has been well documented (e.g., Nagayasu [13] ). Given the strong contagion effect during the Asian financial crisis, misleading results can be obtained if such an effect is not accounted for in the model. This paper is organised as follows. In Section 2, brief reviews of the previous studies and interest and exchange rate movements during the Asian financial crisis are presented. Due to the nature of this study, the literature review is limited to those that focus on the testing of Granger causality. In Section 3, we discuss the VAR specifications determined by the procedure developed by Brailsford et al. [1] . We also employ the method presented by Geweke [7] to measure the linear dependence in the systems. Out-of-sample forecasting is then undertaken using the determined VAR models. These results are presented in Section 4, and a summary is given in Section 5.
Previous empirical evidence
The nature of the interest and exchange rate relationships in the Asian financial crisis has been subjected to a significant debate among international organisations and researchers. For example, the International Monetary Fund argues that sharp rises in interest rates are helpful in stabilising Asian exchange rates (IMF [11] ). On the other hand, the World Tim Brailsford et al. 3 Bank believes that significantly higher interest rates destabilised the Asian currencies by markedly increasing the risks of business bankruptcy and economic contraction (Caporale et al. [2] ).
Numerous studies have employed Granger causality testing to investigate whether sharply higher interest rates supported or weakened Asian exchange rates during the Asian financial crisis. These studies present mixed results about the effectiveness of using sharply higher interest rates to support Asian exchange rates. Based on the full-order VAR techniques, Goldfajn and Baig [8] estimate the relationship between interest and exchange rate data for a number of Asian countries and find little evidence supporting the use of higher interest rates. Similarly, Kaminsky and Schmukler [12] estimate full-order VAR models using daily nominal interest and exchange rates to calculate the corresponding impulse response functions. Their results also indicate little interaction between interest and exchange rates in either direction. Using full-order VARs in levels, Choi and Park [3] reexamine this issue. They include spot and forward exchange rates and interest rate differentials in their study and conclude that no causal relationship from interest rate differentials to spot exchange rates exists for the countries they investigate.
Attempts have also been made to examine this issue using error correction modelling techniques. For example, Gould and Kamin [9] estimate, in the VECM framework, the relationship between the real exchange rate and domestic interest rates for a number of Asian countries and Mexico. They also include international credit spreads and domestic stock prices, as proxies for creditworthiness and country specific risk, in order to improve the estimation. However, changes in domestic interest rates are still found to be insignificant in influencing movements in the exchange rates.
Notwithstanding the above results, Park et al. [14] use daily observations to test for causal relations between interest and exchange rates in South Korea. They report evidence of Granger causality from higher interest rates to exchange rate movements during the crisis period. As discussed above, Dekle et al. [4] report similar results. Using weekly observations, higher interest rates are found in Granger cause movements in the exchange rates of a number of Asian countries, including South Korea, Thailand, and Malaysia.
Interest and exchange rate movements during the crisis. The Asian financial crisis started in Thailand in mid-1997, with the Thai baht under significant pressure due to speculative currency attacks. The initial responses from the Thai government were intervention in the foreign exchange market and introduction of capital controls. Following a significant worsening of the foreign reserve position, the baht was floated in early July 1997. As these measures failed to stem the sharp decline in the value of the baht, the Thai government sought assistance from the IMF in early August 1997. After an agreement was reached with the IMF, interest rates in Thailand were raised sharply and kept relatively high for the remainder of 1997 and early 1998. Toward mid-1998, interest rates were gradually reduced, following a gradual return of stability in the currency market.
Following the speculative attacks on Thailand's currency, Malaysia's ringgit and the Philippines'peso were also under significant downward pressure as a result of the contagion effect. In Malaysia, the initial response from the government was a sharp increase in the official interest rate. However, this increase lasted only for a short while before interest rates were reduced to the preshock level. Because of a relatively sound foreign reserve position, Malaysia did not seek assistance from the IMF and interest rates in that country remained relatively stable.
At the beginning of the Asian financial crisis, the overnight interest rate differential between the Philippines and the United States was the widest in the region. Significant downward pressure on the peso emerged in August 1997. Domestic interest rates in the Philippines became unstable in the second half of 1997. For example, in early October 1997, the overnight interbank call rate increased from around 12 per cent to 102 per cent within a few days, before falling back to the preshock level in late October. In early 1998, the peso exhibited some stability against the US dollar. Consequently, movements in domestic interest rates became less volatile.
Korea's currency, the won, depreciated gradually between July and September 1997, partly reflecting the contagion effect of the currency instability in South-East Asia. The overnight interest rate differential with the United States also gradually widened over this period. Between late October and early December 1997, a crisis of debt financing in Korea emerged, leading to significant downward pressure on the Korean won. In response, domestic interest rates were raised significantly. The Korean government also sought assistance from the IMF in early December 1997.
In the first few months of 1998, the Korean exchange rate was volatile and so was the overnight call rate. A solution emerged, after an agreement was reached with foreign banks to roll over most of Korea's short-term debts, with stability gradually returning to the foreign exchange market.
Empirical test results
In this section, we present the empirical results of testing for Granger causality between interest and exchange rates for the above-mentioned four Asian countries. Since the debate has focused on the effectiveness of using higher interest rates to defend a sharp decline in currency, we have therefore concentrated this testing over the Asian financial crisis period (defined as from 1 July 1997 to 1 July 1998).
For ease of comparison with previous studies, we have adopted a similar model to Dekle et al. [4] , which includes the variables, daily overnight interest rate differential with the United States, exchange rate against the US dollar, and producer price differential with the United States (approximated by the monthly index movements). To capture the currency contagion effect during the crisis period, we also include the exchange rate of the Malaysian ringgit against the US dollar in the models for Thailand, the Philippines, and South Korea. In the case of Malaysia, the Thai baht against the US dollar is used as a proxy.
In the calculation of interest rate differentials, we use the overnight interbank rates for the Asian countries and the daily repo rate for the United States. Following Dekle et al. [4] , we employ observations over the whole crisis period. Data of interest and exchange rates were obtained from Datastream. Producer price indexes were from International Financial Statistics.
To undertake this testing, a pretest strategy is followed by first examining for the presence of unit roots and also, where applicable, for cointegration in the models. Based on the ADF test (Dickey and Fuller [5] ), all the exchange rates over the crisis period can be characterised as integrated of order 1. While the series of overnight interest rate differential for South Korea is found integrated of order 1, those for Thailand, Malaysia, and the Philippines are stationary. The producer price differentials are also found to be stationary. The hypothesis of cointegration is rejected for each individual system using the Stock and Watson [16] test.
The zero and nonzero patterned VAR specifications are determined using the algorithm developed by Brailsford et al. [1] (together with the Schwarz criterion). No discussion is given on this procedure for the reason of brevity. Interested readers are referred to Brailsford et al. [1] and Penm and Terrell [15] for details.
The estimation results based on the Zellner [17] SUR are presented in Table 3 .1. We also apply the Brailsford et al. procedure to the estimated residuals to ensure that they can be characterised as white noise.
As demonstrated by the determined VAR specifications (see Table 3 .1), changes in overnight interest rate differentials are found to have affected the exchange rates of Thailand, the Philippines, and South Korea during the Asian financial crisis. For Malaysia, however, the determined zero and nonzero patterned VAR specification indicates that the variable, overnight interest rate differential, is independent of the rest of the system. Consequently, we omit this variable from the system and present the estimation results for Malaysia without this variable.
This finding for Malaysia suggests that over the Asian financial crisis period, interest rate movements in that country do not significantly influence movements in the Malaysian ringgit against the US dollar. This is in contrast to the finding of Dekle et al. [4] , but consistent with a priori expectations, as the Malaysian government did not actively adopt a high interest rate policy to defend its currency during the Asian financial crisis.
As mentioned above, we also include the exchange rate of the Thai baht against the US dollar in the system for Malaysia, as a proxy for the contagion effect. As presented in Table 3 .1, the one-period lagged Thai exchange rate variable is selected to explain movements in the Malaysian ringgit. The estimated relationship is statistically significant at the 5 per cent level. The coefficient estimate indicates that a depreciation of the Thai baht against the US dollar Granger causes a depreciation of the Malaysian ringgit against the US dollar during the crisis period.
In the case of Thailand, the one-period lagged differential in overnight interest rates is selected as an explanatory variable for the exchange rate. Although the estimated coefficient has a sign consistent with a priori expectations, the associated t-statistics is not significant at the 5 per cent level, casting doubts on the test results. In an attempt to improve the estimation, we also first difference the variable, interest rate differential, and repeat the selection procedure. The one-period lagged interest rate differential is again selected in the exchange rate equation, but the coefficient estimate remains insignificant at the 5 per cent level. Consequently, we conclude that, for Thailand, only weak evidence is obtained for the presence of Granger causality from domestic interest rate movements to the currency.
The one-period lagged Malaysian ringgit is also selected as an explanatory variable for movements in the Thai baht, with a t-statistics significant at the 5 per cent level. The 
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sign of this coefficient estimate is consistent with a priori expectations, reinforcing the significance of currency contagion during the Asian financial crisis. For the Philippines, the estimated relationship between interest rate differential and movements in the exchange rate appears dynamic. In the equation of exchange rate, the six-period lagged interest rate differential is selected with a negative coefficient, and the seven-period lagged interest rate differential is selected with a positive coefficient. Based on the coefficient estimates, the net effect of a widening of interest rate differential in the Philippines causes an appreciation of the peso against the US dollar. In contrast to the results for Thailand, these coefficient estimates are statistically significant at the 5 per cent level, which give strong support for the presence of Granger causality from interest rate movements to the exchange rate. In addition to the effects of interest rate changes, the lagged movements in the Malaysian ringgit significantly influence the peso during the crisis.
For South Korea, the one-period lagged interest rate differential is selected in the equation of exchange rate with a negative coefficient, and the three-period lagged interest rate differential is selected with a positive coefficient. The estimation results indicate that during the Asian financial crisis, higher interest rates adopted by the Korean government help to support the won. The variable, one-period lagged movements in the Malaysian ringgit, is also selected as an explanatory variable for movements in the Korean won. The coefficient estimate indicates that a depreciation of the Malaysian ringgit also results in a decline in the value of the won against the US dollar over the crisis period.
Measurement of linear dependence
To further understand the effects of interest rate movements on the Asian currencies over the crisis period, we measure the linear dependence in the above VAR systems using the Geweke [7] approach. Two cases of interest are presented in Table 4 .1. Testing at the 5 per cent level, 95 per cent confidence intervals are shown parenthetically. In the first case, the linear dependence on the interest rate differential is calculated. In the second case, the linear dependence on the contagion effect is measured. Because of the determined specifications, these measures effectively indicate the linear dependence of the exchange rate on changes in interest rate differential and the contagion effect.
In Table 4 .1, the measures indicate that the interest rate effects varied among the Asian exchange rates. In the case of the Philippines, the linear dependence of its peso on interest rate differential is stronger than that for Thailand and South Korea. This effect is also higher than the impact on the currency of the contagion effect.
However, in the cases of Thailand and South Korea, the linear dependence of their exchange rates on changes in interest rate differentials is less significant than the contagion effects. These results indicate that, for these two countries, the exchange rate movements during the Asian financial crisis are more significantly influenced by currency contagion. Despite sharply higher interest rates imposed by the authorities, such a policy response is unable to prevent their currencies from declining against the US dollar.
An important question raised by these results is the appropriateness of using a high interest rate policy to defend the currency, especially in the presence of significant currency contagion. There are economic consequences associated with sharply higher interest rates. For example, sharply higher interest rates, if sustained, will lead to a marked slowdown in economic activity.
To further demonstrate the impact of changes in interest rate differentials and currency contagion on movements in the Asian exchange rates during the crisis period, we also examine the forecasting performance of our models. To undertake this exercise, we divide the sample into two periods. The first period consists of data from 1 July 1997 to 18 June 1998 and the second period consists of data from 19 June to 1 July 1998. We use data from the first period to reestimate the VAR specification for each country and then produce the 8 Effectiveness of high interest rate policy forecasts for the second period. To examine the forecasting performance, we calculate the root mean squared error (RMSE) for the respective exchange rate over the forecast period, expressed as the percentage of the sample mean over the forecast period (see Table 4 .2). For the purpose of comparison, we also construct a set of univariate autoregressive (AR) systems for the four Asian exchange rates using the Brailsford et al. procedure. Similarly, these AR systems are first estimated using observations from the first period. Forecasts for the second period are then produced and the RMSEs are calculated. Table 4 .2 presents the improvement in forecasting performance of our models. The results indicate that interest rate movements and currency contagion are two important factors in the determination of Asian exchange rates during the crisis period. Consistent with the estimation results presented in Table 3 .1, the improvement in forecasting performance is particularly significant for the Philippines and South Korea.
Summary
In this paper, we have reexamined the effects on Asian exchange rates of higher interest rates during the Asian financial crisis. In contrast to most previous studies, we find that higher interest rates provided support for many Asian exchange rates during the crisis. This finding is consistent with the traditional view about this relationship. We find no evidence to support the revisionist view, in which sharply higher interest rates are argued to lead to a weaker exchange rate during financial crises.
Currency contagion is found to be significant in the Asian financial crisis. In the cases of Thailand and South Korea, the contagion effects on their currencies are deemed to be more significant than the impacts of sharply higher interest rates. This finding raises questions about the appropriateness of using a high interest rate policy to defend an exchange rate, especially in the presence of contagion.
